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COMPLETE SPECIFICATION 
Copolymers of N-substituted Maleimides 
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We Imperial Chemical Industries 
Limited, of Imperial Chemical House, Mill- 
bank, London, S.W.I., a British Company do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to new copolymers 
derived from maleimide and more particularly 
to copolymers of certain N-aryl maleimides 
with ethylenically unsaturated hydrocarbons. 

The specification of British Patent 558,011 
describes the copolymerisation of maleimide 
and some of its N-substituted derivatives with 
certain vinylidene compounds. It is stated 
in the specification that N-aryl substituted 
maleimides tend to be dark coloured and that 
their copolymerisation is less ready than that 
of other maleimides. We have found sur- 
prisingly that while N-phenyl maleimide and 
certain of its substituted derivatives are often 
coloured, they may be copolymerised with 
certain monomers with ease to give products 
which when free from monomer are substan- 
tially colourless. They are also stable at ele- 
vated temperatures. 

According to the present invention, there- 
fore, we provide new copolymers of N-phenyl 
maleimide or a derivative thereof, which com- 
prise (i) at least one alpha-olefin and (ii) 
at least one second component selected from 
the group consisting of N-phenyl maleimide 
and derivatives thereof in which at least one 
of the aromatically bound hydrogens has been 
substituted by a halogen atom, a nitro group, 
a nitrile group or an alky cr alkoxy group 



containing from 1 to 4 carbon atoms, and 
optionally (iii) at least one other copolymeris- 
able monomer and in which the total molar 
amount of (iii) present is less than the total 
molar amount of (i) and the total molar 
amount of (i) is not greater than the total 
molar amount of (ii) present in the copolymer. 

By an alpha-olefin we mean a compound 
which is either a mcnaethylenically unsatur- 
ated aliphatic compound or a conjugated diene 
each consisting only of carbon atoms and 
hydrogen atoms and containing the group 
CH 2 ~C<C. Examples of these compounds 
are ethylene, propylene, butene-l, isobutene, 
n-pentene, n-hexene, 2-methyl butene-1, 2- 
methyl pentene-1, 4-methyl pentene-1, di- 
isobutylene, n-octene, n-decene, n-undecene, 
n-dodecene, n-octadecene and butadiene. Since 
the polymers derived from those of our alpha- 
olefins which are dienes tend to be cress- 
linked products which are insoluble in most 
solvents and difficult to fabricate, we prefer 
the alpha-olefin to be monoethylenically un- 
saturated 

Of the monoethylenically unsaturated alpha- 
olefins, we prefer those containing up to 
eight, and more preferably not more than six, 
carbon atoms since the high molecular weight 
copolymers derived from these are strong 
and of high softening point and suitable for 
moulding materials. We further prefer those 
monoethylenically unsaturated alpha^-olefins 
containing no more than five carbon atoms 
in the longest chain because we have found 
in general that as the chain length of the 
hydrocarbon increases so its ease of poly- 
merisation to high molecular weight polymer 
decreases. Also, the lower molecular weight 
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hydrocarbons are normally the cheaper 
• materials. 

Of the N-(halogen-substituted phenyl) 
maleimides we prefer the bromo- or chlon> 
5 snbstituted derivatives because of their ready 
availability. Examples are K-(2-chIora- 
phenyl) maleimide, N-(3-chloro-phenyl) male- 
imide, N-(4-cMoro-pbenyl) maleimide, N~(4- 
bromo-phenyl) maleimide, N^4,6-tjichloro- 
10 phenyl) malcimide and N-(2,4,6-tribromo- 
phenyl) maleimide. Other ^substituted 
phenyl) maleimides which may be used include 
tt^2-methyl-phenyl) maleimide, Nr(3-methyl-- 
phenyl) maleanide, N<4-methyl-phenyl) male- 
15 imide, N-(2-t-butyl-phenyl) maleimide, N-(3- 
t-biitykphenyl) maleimide N-(4-t-butyl- 
phenyl) maleimide, N-(2-nitro-phenyl) male- 
imide, N-(3-nitro-phenyl) maleimide, N-(4- 
nitro-phenyl) maleimide, N-(2,4-dinitro- 
20 phenyl) maleimide, N^methoxy-phenyl) 
m a l eim i de, N-(3 -methoxy-phenyl) maleimide, 
N^4-ethoxy-phenyl) maleimide, N-(4-cyano- 
phenyl) maleimide and N-(2-methyl-4-chloro~ 
_ phenyl) maleimide. Of the N(substituted 
.25 phenyl) maleimides, we prefer those containing 
at least one chlorine or bromine atom because 
their copolymers generally have flame- 
resistant properties. 
As the maleimide derivative content of our 
30 copolymers increases, so does the softening 
point and we have found that in the case of 
copolymers comprising only alpha-clefins and 
N-phenyl maleimide or derivatives thereof, 
containing more than 75 and often more than 
35 60, mole per cent of the maleimide derivatives, 
the softening points tend to be too high to 
allow their fabrication without the occurrence 
. of an undesirable amount cf decomposition. 
On the other hand, we have found that with 
40 most alpha-olefins, in the absence of other 
copolymerisable monomers, k is difficult to 
obtain copolymers containing less than about 
50 moles per cent of the maleimide deriva- 
tive because of the inability cf the apha- 
45 olefins to homopblymerise under the condi- 
tions used for copolymerisation, and such 
copolymers do not form part of the present 
invention. 

According to a further embodiment cf cur 
50 invention, therefore, we prefer our copolymers 
to contain from 50 to 75, preferably 50 to 60, 
mole per cent of the maleimide derivative, 
and cxxrrespondingly 50 to 25, preferably 50 
to 40, mole per cent of the alpha-olefin. We 
55 further prefer those copolymers containing 50 

mole per cent of each component. 
. . . According to another embodiment of cur 
" invention we provide a process for the manu- 
facture of copolymers which comprises react- 
60 ing together (I) at least one alpha-olefin, (ii) 
. at least one second component selected from 
the group consisting of N-phenyl maleimide 
and derivatives thereof in which at least one 
of the aromatJcally bound hydrogen atoms has 
65 been substituted by a halogen atom, a nitre 



group, a nitrile group or an alkyl or altev 
group, containing from 1 to 4 carbon atoms, 
and optionally (iii) at least one other co- 
polymerisable monomer in amounts such that 
the copolymer produced contains (iii) in an 70 
amount which is less than the total molar 
amount of (i) and the total molar amount cf 
® is not greater than the total molar amount 
of (ii), in the presence of at least 0.05% by 
weight cf the monomers of a free-radical 75 
catalyst 

Where one of the monomers is less easily 
polymerised than the other monomer of mono- 
mers present, it is preferred to add this 
monomer in excess of the nominal amount 80 
required to give the desired ratio in the 
eventual copolymer. For example, in the co- 
polymerisation of N-phenyl maleimide with 
propylene, it is desirable to use mere than 
an equfmclar amount of propylene in crder to 85 
obtain an equimclar copolymer. 

Mixtures of our maleimide derivatives and 
rmxtures of our alpha-olefins may be used 
if desired and one or more other copolymeris- 
able monomers may be added so long as 90 
the total molar amount of such monomers pre- 
sent in the copolymer is less than the total 
molar amount of the maleimide derivatives 
and less than the total molar amounts of the 
alpha-olefins present. Suitable comonomers 95 
include maleimide; other N-substituted male- 
imides, maleic anhydride, esters of maleic and 
fumade acids, vinyl esters, esters of acrylic 
and methacrylic acids, vinyl chloride, vinyli- 
dene chloride, acrylonitrile, acrolein, styrene 100 
and substituted styrenes, vinyl and isopro- 
penyl ethers and halogenated dienes such as 
chloroprene. Where it is found that an alkene 
copolymerises only with difficulty with the 
ma l eimide derivative to give a product of low IQ5 
molecular weight, we have found that it is 
advantageous to add a small quantity of 
styrene to the polymerisation since then good 
yields of high molecular weight products are 
generally achieved. Five to 25 mole % of no 
comonomer is generally useful. 

The polymerisation may be effected in bulk, 
in solution in an inert organic solvent or in 
suspension. As the maleimide derivatives are 
not hydrolysed to an appreciable extent by 115 
water, the suspension may be an aqueous 
suspension. 

By an inert organic solvent, we mean an 
organic compound which is a solvent for the 
monomers but does not react with them. In 120 
general, we prefer the solvent to be a com- 
pound which has little or no chain transfer 
effect in the polymerisation. 

Suitable solvents are aromatic hydrocarbons 
such as benzene and toluene, ethers such as 125 
dioxane, ketones such as acetone and alcohols 
such as methanol, ethanol and isopropanol. 
Chlorinated hydrocarbons such as methylene 
chloride or ethylidene dichloride may be used 
but are known to have chain transfer ten- 130 
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dencies. We prefer to use a solvent in which 
the copolymer is not soluble or is soluble only 
to a small extent since this aids separation 
of the copolymer from monomer and catalyst 
5 residues. Suitable solvents are the alcohols, 
particularly methanol. Hie polymerisation 
may also be effected in the presence of some 
aliphatic hydrocarbons, such as heptane, 
hexane, or pentane but these are poor solvents 
10 for our maleimide derivatives and if they 
are used it is preferred to carry out the 
polymerisation with continuous agitation. 

The polymerisation is effected preferably 
at temperatures of from 10° C. to 90° C. 
15 Higher or lower temperatures may be used 
if desired but the use of lower temperatures 
generally results in unduly long reaction times 
while the use of higher temperatures involves 
additional heating expenses; temperatures of 
20 30° C. to 90° G are generally satisfactory. 
In solution polymerisation, some of the mono- 
mers have an undesirable tendency to pre- 
cipitate out from the solvents at temperatures 
at much below about 30° G but the use of 
25 temperatures down to 10° G may be useful 
where ir is desired to obtain products of high 
molecular weight. 

Any free-radical catalyst may be used to 
initiate the polymerisation but we prefer to 
30 use one which is suitable within the tem- 
perature range of 10° G to 90° G Examples 
are azo^i-isobutyronitrile, boron rrialkyls 
with a trace of oxygen and benzoyl peroxide. 
The use of less than 0.05% of the catalyst, 
35 calculated on the total weight of polymeris- 
able monomers, gives little or no polymerisa- 
tion or very long polymerisation times while 
die use of amounts in excess of 5% is un- 
economical. We prefer to use from 0.5 to 
40 2% and preferably about 1%. 

Our preferred polymerisation is effected 
in bulk or in an inert organic solvent because 
the separation of the polymeric products from 
the monomer is then a simple operation. 
45 The polymerisation is generally effected 
in the presence of, at the most, only small 
amounts of oxygen. It may be effected suit- 
ably under an inert gas such as nitrogen or 
under the vapour of the monomers. 
50 The polymerisation may be effected at any 
suitable pressure. Where it is desired to 
effect the polymerisation under super-atmos- 
pheric pressure, nitrogen gas or any other 
suitable inert gas may be used to pressurise 
55 the system. Where volatile compounds are 
present (i.e. either as monomer or solvent) 
their vapour pressure may also be utilised to 
pressurise the system. 
In a preferred process, the polymerisation 
60 vessel is charged with the monomers, the cata- 
lyst and the solvent, if used, and the vessel 
is then alternately pressurised with an inert 
gas such as nitrogen and then evacuated. This 
cycle may be repeated to ensure as complete 
65 removal of air as possible. Even with these 



stringent efforts to remove oxygen, there is 
generally sufficient present to activate a boron 
trialkyl catalyst when it is used. The poly- 
merisation mixture is finally blanketed with 
the inert gas and the vessel is brought to 70 
the polymerisation temperature. 

Where one or more of the copolymerisable 
monomers is a gas, eg. ethylene, the other 
monomelic material, the solvent, if any, and 
catalyst are charged into the vessel first and 75 
it is then purged of air before the gaseous 
monomer is bled in. 

When the polymerisation has been com- 
pleted, the mixture is cooled and the polymer 
separated from the monomer and catalyst 80 
residues by any suitable process such as dis- 
tillation or solvent extraction. The polymer 
may be purified conveniently by breaking it 
up, washing it, dissolving it in a suitable sol- 
vent such as chloroform or dimethyl form- 85 
amide and re^recipitating it from a non- 
solvent such as methanol, diethyl ether or 
petroleum ether. 

Although the maleimide derivatives from 
which they are formed are often coloured, the 90 
polymers when free from monomer residues 
are substantially colourless. The .differ from 
similar copolymers derived from maleimide 
and most other N-substituted maleimides (e.g. 
N-allyl maleimides) by their lack of water 95 
sensitivity. They also differ from N-alkyl 
maleimide copolymers by having generally 
higher softening points. 

The high molecular weight compounds 
derived from alphsbolefins containing up to 100 
eight carbon atoms are strong, generally trans- 
parent and of high softening point (generally 
about 200—280° C). They are also gener- 
ally stable at their softening points, or even 
above, and may be moulded to give strong 105 
clear colourless articles. They may also be 
melt cast to give sheets of good thermal 
stability and optical clarity and may be melt 
spun to give strong amorphous fibres. We 
prefer those copolymers which have molecular 110 
weights equivalent to a reduced viscosity of 
0.4 cr more (measured on a solution of 0.5 
gm. of the polymer in 100 ccs. of dimethyl 
formamide at 25° C) as they have very 
useful physical properties such as high rigidity 115 
and strength. 

The copolymers are soluble in a number 
of common polar solvents such as chloroform 
and dimethyl formamide from which they may 
be solvent-cast to give transparent films or 120 
solvent-spun to give useful fibres. Coatings 
may also be obtained from aqueous dispersions. 

The strength and clarity of our preferred 
copolymers make them of use for the manu- 
facture of inspection windows and windscreens 125 
and for the fabrication of mouldings such as 
telephone cases, radio and television cases, 
ditaphone cases, and small automobile parts 
by injection moulding, for example. 
The polymers may be blended with any 130 
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suitable additives such as fillers (e.g. fibrous 
glass or metal powder), pigments, heat aad 
light stabilisers, plasticisers, lubricants and 
mould-release agents or they may be blended 
5 with other polymeric materials, natural or 
synthetic. 

The invention is illustrated by the following 
examples in which all parts are expressed as 
parts by weight In all the examples, the 

10 total molar amount of the N-phenyl maleimide 
or derivative thereof present in each of the 
copolymers was not less than the total molar 
amount of the alpha-olefins present in the co- 
polymer, and any other copolymerisable mono- 

15 mer (if any) was present in a total molar 
amount less than the total molar amount of 
the alpha^lefins. The reduced viscosities 
recorded were measured on solutions of 0.5 
gnx of copolymer in 100 ccs. of dimethyl 

20 i ormamide at 25° G 

Ekample 1 
5.19 parts of N-phenyl maleimide, 1.68 
parts of isobutene, 4.4. parts of benzene and 
0.05 part of azo-diisobutyronitrile were 

25 charged into a vessel which was purged with 
mtrogen, degassed and sealed under vacuum. 
The sealed vessel was then brought to 60° 
C and maintained there for one day after 
which it was cooled and broken open and 

30 the contents removed The resulting polymer 
was dissolved in chloroform and ie-preeipi- 
tated by pouring the solution into 40—60° C 
petrdeum ether. The solid was then separated 
and dried under vacuum to give 5.9 parts of 

35 a copolymer having a reduced viscosity of 0.7 
and 10 / 10 th Vicat Sotening Point of 221.5° 
C 

Nitrogen and oxygen analyses of the poly- 
mer showed it to contain 55 — 59 mole % of 

40 N-phenyl maleimide. 

The polymer was compression moulded at 
250 — 270° C to give a transparent film which 
did not craze after total immersion in boiling 
water for 120 minutes. During the immersion 

45 it picked up about 2% by weight of water 
which was removed again on drying the film. 

By way of comparison a copolymer of 
maleimide and isobutene containing ca. 50% 
molar of the maleimide and having a reduced 

50 viscosity of 0.93 was compression moulded 
at 260° C to give a film which became opaque 
upon immersion in boiling water after only 
a few minutes and picked up 7% by weight 
of water after immersion for two hours not 

55 all of which would be removed on re-drying. 

Example 2 
The process of Example 1 was repeated 
using 5.19 parts of N-phenyl maleimide, 3.78 
parts of propylene, 13.3 parts of benzene 
60 and 0.05 part of acetyl cyclchexyl sulphonyl 
peroxide. Polymerisation was effected at 30° 
G for two days. 
The resulting polymer was dissolved in 



chloroform and reprecipitated from diethyl 
ether from which it was separated and dried 65 
under vacuum. The product was 5.6 parts oJ 
a copolymer having a reduced viscosity ol 
0.49 and a 10 / 10 th Vicat Softening Point ol 
218.5° C. 

Analysis of the polymer showed it to con- 70 
tain 50—56 mole % of N-phenyl maleimide. 

The polymer was compression moulded at 
250 — 270° C. to give a transparent film which 
did not craze after total immersion in boil- 
ing water for 120 minutes. During the im- 75 
mersion it .picked up about 2.5% by weight 
of water which was removed again on drying 
the film. 

Example 3 

5.61 parts of N-o-tolyl maleimide, 5.02 80 
parts of isobutene, 16 parts of methanol and 
0.05 part of azo-diisobutyronitrile were de- 
gassed and sealed in vacuum and kept at 60° 
for four days. The reaction vessel was then 
opened and polymer removed, extracted with 85 
ether and finally dried under vacuum at 100° 
G to yield 6.9 parts of a copolymer having 
a reduced viscosity of 0.94. The polymer 
was compression moulded at 270° G to give 
a transparent colourless disc having a 18 / l0 th 90 
Vicat Softening Point of 212° G (and a y lo th 
Vicat Softening Point of 201.5° G). 

Nitrogen analysis of the polymer indicated 
that it contained 50.7% molar of units derived 
from the imide while oxygen analysis indicated 95 
the amount to be 60.4% molar. A disc of 
the polymer was boiled in water for two 
hours at the end of which time a 1.8% 
increase in weight was observed. This in- 
crease was lost on re-drying and the polymer 100 
was unchanged in appearance. 

Example 4 . 
6.225 parts of N-o-chlorophenyl maleimide, 
5.02 parts of isobutene, 16 parts of methanol 
and 0.05 part of azo^sobutyronitrile were 105 
degassed and sealed in vacuo and kept at 55° 
for three days. The polymer was then removed 
from the vessel, extracted with ether and dried 
under vacuum at 50° G The yield was 7.4 
gms. of a copolymer having a reduced vis- HO 
cosity of 0.85. The polymer gave transparent 
colourless discs when compression moulded 
at 250° G and had a y l0 th Vicat Softening 
Point of 191.5° G and a l0 /i 0 th Vicat Soften- 
ing Point of 204.5° G 115 

Example 5 
5.19 parts of N-phenyl maleimide, 7.6 parts 
of 4-methyl pentene-1, 16 parts of methanol 
and 0.05 part of azo-diisobutyronitrile were 
degassed and heated in a sealed reaction vessel 120 
under vacuum at 50° G for 11 days. The 
product was dissolved in chloroform and re- 
precipitated into ether then dried under 
vacuum at 100° G to yield 3.9 parts of a 
polymer having a reduced viscosity of 0.11. 125 
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The polymer contained 72.3—77.6 mole % 
of N-phenyl makimide based on oxygen and 
nitrogen analyses. 

Example 6 

5 5.19 parts of N-phenyl maleimide, 5.02 
parts of butene-1, 16 parts of methanol and 
0.05 part of azoninsobutyronitrile were de- 
gassed and heated for four days under vacuum 
in a sealed vessel at 60° C. The product 

10 was dissolved in chloroform and re-precipitated 
into ether then dried in vacuum to yield 2,1 
parts of a polymer having a reduced viscosity 
of 0.09. The polymer contained 62.6—67.5 
mole % of N-phenyl maleimide based on 

15 oxygen and nitrogen analyses. 

Example 7 
5.19 parts of N-phenyl maleimide, 5.02 
parts of isobutene, 16 parts of methanol and 
0.05 part of azc^diisobutyronitrile were de- 

20 gassed and heated under vacuum in a sealed 
vessel at 60° C for two days. The product 
was extracted with ether and dried under 
vacuum at 100° C to yield 6.5 parts of a 
copolymer having a reduced viscosity of 0.66. 

25 The polymer contained 52.4 — 55 mole . % 
of N-phenyl maleimi.de based on oxygen and 
nitrogen analyses and was compression 
moulded at 270° G to transparent colourless 
discs having a y ao th Vicat Softening Point of 

30 191.5° C. and a 10 / 10 th Vicat Softening Point 
of 201° C 

Example 8 
5.19 parts of N-phenyl maleimide, 332 
parts of 4-methyl pentene-1, 1.035 parts of 

35 styrene, 16 parts of methanol and 0.05 part 
of azo^iisoburyromtrfle were degassed and 
heated in a sealed tube under vacuum for 
one day at 60° C The product was isolated, 
extracted with ether and then dried in vacuum 

40 at 100° C. to yield 4.9 parts of a polymer 
having a reduced viscosity of 0.67. The poly- 
mer was compression moulded at 270° C 
to give an almost colourless translucent disc 
having a Vi 0 th Vicat Softening Point of 219° 

45 C and a "/loth Vicat Softening Point of 
228° C. 

Example 9 
The process of Example 8 was repeated 
using 5.19 parts of N-phenyl maleimide, 1.62 

50 parts of butadiene, 16 parts of methanol and 
0.05 part of acetyl cyclohexyl sulphonyl per- 
oxide and a temperature of 30° C. The 
resulting product was extracted with ether and 
dried in vacuum to yield 4.9 parts of a 

55 polymer which was insoluble but gave trans- 
parent compression mouldings with a 1 / 10 th 
Vicat Softening Point of 125.5° C and a 
10 / lu th Vicat Softening Point of 135.5° C 
Nitrogen and oxygen analyses indicated that 

60 the polymer contained 54.5 — 55,5 mole % 
of N-phenyl maleimide. 



Example 10 
The process of Example 9 was repeated 
using 5.19 parts of N-phenyl maleimide, 8.1 
parts of butadiene, 8.4 parts of isobutene, 16 65 
parts of methanol and 0.05 part of acetyl 
cyclohexyl sulphonyl peroxide. The resulting 
product was extracted with ether and dried 
in vacuum at 100° C. to yield 5.0 parts of 
a polymer which could be compression 70 
moulded at 270° C. to give transparent yellow 
discs having a 7 l0 th and 1 °/ 10 th Vicat Soften- 
ing Points of 158.5° C and 183.5° C. 

Example 11 
Five parts of N-phenyl maleimide, three 75 
parts of ethylene at a pressure of 40 to 45 
atmospheres, 16 parts of methanol and 0.05 
part of azo-diisobutyronitrile were stirred at 
45 to 50° C. for 66 hours. The product was 
extracted with ether for 24 hours and dried 80 
in vacuum at 100° C to yield 3.5 pans of 
a polymer having a reduced viscosity of 0.33. 
Nitrogen and oxygen analyses indicated that 
it contained 60 to 78 mole % of N-phenyl 
maleimide. It could be compression moulded 85 
at 250° C to give transparent almost colour- 
less discs. 

Example 12 
3.46 parts of N-phenyl maleimide, 16 parts 
of methanol and a solution of 0.014 part of 90 
boron triethyl in about 0.25 part of petroleum 
ether were degassed and placed in a reaction 
vessel. The vessel was evacuated and then 
pressurised with 2.52 parts of propylene and 
sealed with a trace of oxygen. The mixture 95 
was then kept at room temperature for seven 
days. The resulting product was extracted 
with ether and dried in vacuum to yield 2.3 
parts of a polymer having a reduced viscosity 
of 0.26. 100 

Example 13 
5.19 parts of N-phenyl maleimide, 1.12 
parts of isobutene, 1.00 part of ethyl acrylate, 
12 parts of methanol and 0.05 part of azo- 
diisobutyronitrile were degassed, sealed in a 105 
reaction vessel and heated under vacuum to 
55° C for six days. The product was dis- 
solved in chloroform, re-precipitated into ether 
and finally dried in vacuum to yield 5.7 parts 
of a polymer having a reduced viscosity of 110 
0.41. The polymer was compression moulded 
at 250° C. to give an almost transparent disc. 

Example 14 
5.19 parts of N-phenyl maleimide, 1.55 
parts of styrene, 0.81 part of butadiene, 16 115 
parts of methanol and 0.05 part of acetyl 
cyclohexyl sulphonyl peroxide were degassed, 
sealed in a reaction vessel under vacuum and 
maintained at 30° C for one day. The 
product was extracted with ether and dried in 120 
vacuum at 100° C to yield 6.7 parts of an 
insoluble polymer which was compression 
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moulded at 270° G to give a dear disc having 
Y 10 th and 10 /i o th Vicat Softening Points of 
153 and 162° G respectively! 

Example 15 

5 5.19 parts of N-phenyl maleimide, 12 parts 
of methanol and 0.05 part of acetyl cyclo- 
hexyl sulphonyl peroxide were degassed and 
placed in a reaction vessel which was evacuated 
and then pressurised with 1.68 parts of a 

10 gaseous mixture of essentially C 4 hydrocarbons 
containing 11% by weight of propylene, 27% 
of butene-1, 40% of isobutene, 6% of butene- 
2 isomers and 2% of butadiene. Hie vessel 
was then sealed and the mixture maintained 

15 at room temperature for one day. The 
product was extracted with ether and dried in 
vacuum to yield 3.5 parts of a polymer having 
a reduced viscosity of 0.38. It was compres- 
sion moulded at 250° G to give a transparent 
20 disc 

Example 16 
5.19 parts of N-phenyl maleimide, 16 parts 
of methanol and 0.05 part of acetyl cyclo- 
hexyl sulphonyl peroxide were degassed and 

25 placed in a vessel which was evacuated and 
then pressurised with about 1.7 parts of a 
gaseous mixture of essentially C 4 hydrocarbons 
containing 7% dry weight of propylene, 16% 
of butene-1, 27% of isobutene, 8% of butene- 

30 2 isomers and 27% of butadiene. The vessel 
was sealed and maintained at 30° G for five 
days. The product was then extracted with 
ether and dried in vacuum to yield 4.4 parts 
. of an insoluble polymer which could be com- 

35 pressfon moulded at 250° G to give a trans- 
lucent disc 

Example 17 
5.19 parts of N-phenyl maleimide, 3.4 parts 
of a mixture of essentially C 4 hydrocarbons 

40 containing 0.7% by weight of propylene, 29% 
of butene-1, 40% of isobutene, 10% of 
butene-2 isomers and 2% of butadiene, 12 
parts of methanol and 0.05 part of acetyl 
cydohexyl sulphonyl peroxide were sealed in 

45 a reaction vessel for two days at roam tem- 
perature. The product was extracted with 
ether and dried in vacuum to yield 3.7 parts 
of a polymer having a reduced viscosity of 
0.46. It was compression moulded at 250° 

50 G to give a transparent disc. 

Example 18 
5.19 parts of N-phenyl maleimide, 3.4 parts 
of a mixture of essentially C 4 hydrocarbons 
containing 03% by weight of propylene, 16%. 

55 of butene-1, 26% of isobutene, 12% of 
butene-2 isomers and 29% of butadiene, 12 
parts of methanol and 0.05 part of acetyl 
cyclohexyl sulphonyl peroxide were sealed in 
a reaction vessel at room temperature for 

60 . three days. The product was extracted with 
ether and dried in vacuum to yield 5.5 parts 



of an insoluble polymer which could be com- 
pression moulded at 250° G to give a trans- 
lucent disc. 

Example 19 
5.19 parts of N-phenyl maleimide, 0.9 part 65 
cf chloroprene, 1.12 parts of isobutene, 13.2 
parts cf benzene and 0.05 part of azo-diiso- 
butyronitrile were degassed and placed in a 
reaction vessel which was evacuated and sealed. 
The contents were maintained at 60° G for 70 
five days. The product was extracted with 
ether and dried in vacuum to yield 5.6 parts 
of an insoluble polymer which could be com- 
pression moulded to give translucent discs 
with a l % 0 th Vicat Softening Point of 75 
149°- G 

Example 20 
51.9 parts of N-phenyl maleimide, 49.4 
parts of isobutene, 160 parts of methanol and 
0.5 part of azo-diisobutyronitrile were heated 80 
to 55° G with vigorous shaking in a closed 
reaction vessel under a combined nitrogen 
and monomer vapour pressure of 180 lb./sq. 
in. After 20 hours, when pressure had fallen 
to 150 lb./sq. in., the system was vented and 85 
the solid product was extracted with ether 
and dried in vacuum at 100° G to yield 
63.9 oarts of a copolymer having a reduced 
viscosity of 0.78. Nitrogen and oxygen ana- 
lyses indicated that the polymer contained 90 
50—60 mole % of N-phenyl maleimide It 
was amorphous as made and after refluxing 
for 90 minutes in xylene. 

The copolymer was compression moulded 
at 270° G to give transparent colourless 95 
plaques. Hie polymer had a melt viscosity 
of 10X10* poises at 1000 seer 1 which was 
unchanged after 20 minutes at 270° C; thus 
showing the remarkable stability of the poly- 
mer at elevated temperatures. 100 

The flexural strength of the polymer was 
8.9— 103X10 3 lb./sq. inch measured on a 
specimen £ inch longXJ mch wideX Y a , inch 
thick in a tensile testing machine at 20° G 
and a deformation speed of 18 indies/minute. 105 
By the same test, the energy to break was 
7.8—9.4 ft. lb./cu. hi. 

Example 21 
51.9 parts of N-phenyl maleimide, 49.4 
parts of isobutene, 200 parts of water, 0.5 110 
part of sodium lauryl sulphate and 0.5 part 
of potassium persulphate were placed in a 
reaction vessel which was pressurised to 210 
lb./sq. inch with nitrogen. The mixture was 
heated to 60—63° G and shaken vigorously 115 
for one hour when the pressure was found 
to have fallen to 205 lb./sq. inch. 

The mixture was then cooled and the vessel 
vented. About 200 parts of a saturated salt 
solution was added to the suspension to co- 120 
agulate the polymer which was filtered off, 
washed with water and then methanol, and 
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finally dried in vacuum at 100° C. 50.3 
parts of a copolymer having a reduced vis- 
cosity of 0.57 were obtained. The copolymer 
could be compression moulded at 270° C. 
5 to give transparent plaques. 

WHAT WE CLAIM IS: — 

1. A copolymer of ® at least one rjp5a 
olefin and (ii) at least one second corttfccnsr* 
selected from the group consisting of X- 

10 phenyl maleimide and derivatives thereof In 
which at least one of the archaically bound 
hydrogen atoms has been substituted by a 
halogen atom, a nitro group, a nitrile group 
or an alkyl or alkoxy group containing frota 

15 1 to 4 carbon atoms, and optionally (in) zt 
least one other copolymerisable monomer and 
m which the total molar amount of (iii) pre- 
sent is less than the total molar amount of (i) 
and the total molar amount of (i) is not greater 

20 than the total molar amount of (ii) present in 
the copolymer. 

2. A copolymer according to claim 1 con- 
taining from 5 to 25 mole % of units derived 
from (iii). 

25 3. A copolymer according to claim 1 or 
claim 2 m which the copolymerisable mor.o 
mer (iii) is styrene. 

4. A copolymer according to any of claims 
1 to 3 in which the alpha-olefin is monoethy- 

30 lenically unsaturated 

5. A copolymer according to any of claims 
1 to 4 in which the alpha-olefin contains up 
to eight carbon atoms. 

6. A copolymer according to claim 5 in 
3* which the alpha-olefin contains up to six 

carbon atoms. 

7. A copolymer according to any of claims 
1 to 6 in which the alpha-olefin contains not 
more than five carbon atoms in the longer 

40 chain. ° 

8. A copolymer according to any of claim: 
1 to 3 in which the alpha-olefin is ethylene, 
propylene, isobutene, butene-1, 4-methvl 

_ pentene-1, butadiene or a mixture consisting 
45 essentially of unsaturated hydrocarbons con- 
taming four carbon atoms. 

9. A copolymer according to any of claims 
1 to 8 in which the second component is 
selected from the group consisting of N-phenyl 

50 maleimide and derivatives thereof in which 
at least one of the aromatically bound hydro- 
gen atoms has been substituted by a chlorine 
or a bromine atom. 

10. A copolymer according to claim 1 of 
55 m ethylene, propylene, isobutene, butene-1, 

4-methyl pentene-1 or a mixture consisting 
essentially of unsaturated hydrocarbons con- 
taming four carbon atoms, and (ii) N-phenvl 
maleimide. 

60 11. A copolymer according to claim 1 of 
® isobutene and butadiene and (ii) N-phenyl 
maleimide. 

12. A copolymer according to claim 1 of 



(l) isobutene and (ii) N-o-tolyl maleimide or 
N-o-chlorophenyl maleimide. (55 

13. A copolymer according to any of claims 
1 to 2 consisting of (i) butene-1, 4-methyl 
pentene-1 or butadiene, (ii) N-phenyl male- 
imide, and (iii) styrene, 

14. A copolymer according to claim 1 or 70 
claim 2 consisting of (i) isobutene, fin N- 
phenyl maleimide and (iii) chloroprene or 
ethyl acrylate. 

15. A copolymer according to any of claims 

1 to 14 containing from 50 to 75 mole % 75 
of units derived from the N-phenyl maleimide 
and derivatives thereof. 

16. A copolymer according to claim 15 
containing from 50 to 60 mole % of units 
derived from the N-phenyl maleimide and 80 
derivatives thereof. 

17. A copolymer according to claim 17 
containing 50 mole % of units derived from 
the N-phenyl maleimide and derivatives 
thereof. 

18. A copolymer according to any of claims 
1 to 17 having a reduced viscosity, measured 
on a solution of 0.5 gm. of polymer in 100 
ccs. of dimetiiyl formamide at 25° C of at 
least 0.4. qq 

19. A copolymer according to claim 1 
substantially as hereinbefore described and as 
shown in Examples 1 and 2. 

20. A copolymer according to claim 1 sub- 
stantially as hereinbefore described and as 95 
shown in Examples 3 to 21. 

21. A process for the manufacture of co- 
polymers which comprises reacting together 
(0 at least one alpha-olefin, (ii) at least one 
second component selected from the group 100 
consisting of N-phenyl maleimide and deriva- 
tives thereof in which at least one of the 
aromatically bound hydrogen atoms has been 
substituted by a halogen atom, a nitro group, 

a nitrile group or an alkyl or alkoxy group 105 
containing from 1 to 4 carbon atoms, and 
optionally (iii) at least one other copolymeris- 
able monomer in amounts such that the co- 
polymer produced contains (iii) in an amount 
which is less than the total molar amount of 110 
(1) and the total molar amount of (i) is not 
greater than the total molar amount of (ii), 
in the presence of at least 0.05% by weight 
of the monomers of a free-radical catalyst 

22. A process according to claim 21 in 115 
which the reaction is effected in an inert 
solvent for the monomers. 

23. A process according to claim 22 in 
which the reaction is effected in an alcohol. 

24. A process according to claim 23 in 120 
which the reaction is effected in methanol. 

25. A process according to claim 21 in 
which the reaction is effected in suspension 
m an aqueous medium. 

26. A process according to any of claims 125 
21 to 25 m which the reaction is effected 

at a temperature of from 10° C. to 90° Q 

27. A process according to claim 26 in 
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which the reaction is effected at a temperature as hereinbefore described and as shown in 

of from 30° G to 90° C Examples 1 and 2. 10 

28, A process according tor any of claims 30. A process according to claim 21 for 
21 to 27 in which the reaction is effected the manufacture of copolymers substantially 

5 in the presence of from 0.5 to 2% by weight as hereinbefore described and as shown in 

of the monomers of a free-radical catalyst. Examples 3 to 21. 

29. A process according to claim 21 for BERTRAM F. DREW 
the manufacture of copolymers substantially Agent for the Applicants 
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